SUMMARY The effects of left axis shift (> -30°) on intraventricular conduction time (IVCT) were studied in 63 subjects in whom electrocardiograms before and after appearance of the left axis shift were available. Subjects with electrocardiographic evidence of left or right ventricular hypertrophy, left or right bundle branch block, myocardial infarction, pre-excitation and those receiving antiarrthythmic drugs were excluded. The The present studies were specifically designed to evaluate critically the effects of naturally occurring severe left axis deviation on the intraventricular conduction time and the interrelation between the axis shift and the conduction time through controlled observations on the same patients before and after the spontaneous appearance of left axis shift.
MARKED LEFT AXIS DEVIATION, mean frontal plane QRS angle (AQRS) more negative than -30°in the absence of inferior wall myocardial infarction is commonly believed to result from an intraventricular conduction block in the anterior fascicle of the left bundle, and has been referred to in the past as parietal block of the superior division of the left bundle, left superior intraventricular block and more recently as left anterior hemiblock.1-' Since the myocardium supplied by the blocked anterior fascicle depolarizes later in the sequence,5 it would expectedly result in lengthening in the total ventricular depolarization time. The results of studies analyzing the effects of acute and chronic appearance of the severe leftward axis shift on the intraventricular conduction time are conflicting and inconclusive.61'
The present studies were specifically designed to evaluate critically the effects of naturally occurring severe left axis deviation on the intraventricular conduction time and the interrelation between the axis shift and the conduction time through controlled observations on the same patients before and after the spontaneous appearance of left axis shift.
Material and Methods
The electrocardiograms of 2,741 subjects with abnormal left axis deviation were reviewed. These comprise approximately 11% of the patients who had had an electrocardiogram performed at the VA Center in Dayton, Ohio during this period. The electrocardiograms bearing the diagnosis of left axis deviation were carefully reviewed and all patients whose electrocardiographic recordings met standard ECG criteria for left or right ventricular hypertrophy, left or right bundle branch block, initial force deformity consistent with myocardial infarction and pre-excitation syndrome, known to influence the intraventricular conduction time, were excluded."2 Similarly, subjects receiving antiarrhythmic agents at the time of electrocardiographic recordings, i.e., quinidine, procainamide, diphenylhydantoin shifted to -30°or beyond. When the individual AQRS was related to the IVCT a linear correlation (r = -0.8) was observed. It appears that a continuum relation between the AQRS and the IVCT exists throughout the counterclockwise range of +90°to -90°. In all leftward shifts in AQRS from +90°there is a prolongation in IVCT.
Our observations indicate that all leftward shifts in AQRS, including the extreme left axis shift (left anterior hemiblock), represent a spectrum of intraventricular conduction block. or propranolol were excluded. All the electrocardiograms were recorded on standard electrocardiographic machines at a paper speed of 25 mm/sec. The definition of left axis deviation (LAD) for the purpose of this study was the characteristic biphasic or negative QRS complexes in lead II (AQRS 5 -30°) and an initial QRS vector directed inferiorly as evidenced by an R wave in lead aVF.
In order to make a valid comparison, only those subjects who had had at least one complete electrocardiogram prior to the observation of left axis deviation were accepted for the study. Sixty-three subjects who met all these criteria formed the basis for this study. Each subject served as his own control. The paired t-test was used for statistical analysis.
Leads I, II and aVF were selected for the calculation of AQRS and the intraventricular conduction time as measured in the QRS duration. All 63 pairs of electrocardiograms (pre and post left axis deviation) were assigned random code numbers. The selected leads from the electrocardiogram were mounted and photographically magnified 4 to 5 times their original size ( fig. 1 ). The mean AQRS was derived using the equations for a rectangle ( fig. 2 ) and the area under the QRS complex in lead I and aVF,'3 which were electronically measured with a digitizer (HP 9864A). The blank portion of electrocardiographic paper in each instance served as a standard to prime the digitizer prior to actual area measurements. The intraventricular conduction time (QRS duration) was similarly digitized from the onset of the initial deflection to the termination of the QRS complex marked by an independent observer in all three leads and was averaged. By utilizing all three leads in the measurement of intraventricular conduction time, errors arising from a rotational change in QRS vectors on intraventricular conduction time in a given single lead were minimized.
All the AQRS and the intraventricular conduction times were measured in triplicate, averaged and rounded to the nearest integer by a technician well trained in the use of the digitizer. The accuracy of our measurement with photomagnification and the use of electronic digitizer was + 2 msec. At the completion of the measurements, the electrocardiograms were decoded and the findings from the pre and post left axis deviation were compared.
Results
The clinical diagnoses among the patients are shown in Table 3 lists the number of subjects by the degree of their axis shift and the increment of increase in their intraventricular conduction times. An electrocardiographic tracing of one patient is illustrated in figure 3 . The intraventricular conduction time increased from 75 to 110 msec when the left axis shift appeared spontaneously.
A close linear correlation (r = -0. (IVCT) . N = number of observations, r = correlation coefficient, SD =standard deviation from the regression time.
While it seems well documented that severe left axis deviation results from an intraventricular conduction disturbance in man, it has not been demonstrated that lesser degrees of leftward axis shift represent a similar intraventricular conduction defect. From our studies, it appears that there exists a continuum in the relationship of AQRS and the intraventricular conduction time through the counterclockwise range of AQRS from +900 to -90° (fig.  4 ). These observations are consistent with the hypothesis that the occurrence of any leftward shift in AQRS, including the left anterior hemiblock represent a spectrum of intraventricular conduction delay.
